The present study is an attempt to provide an insight into the stability, in terms of interaction energy and thermodynamic parameter, and reactivity, quantified by reactivity descriptors, of the chitosan-MX and its analogous (EMX and ZMX) system. In this system a component is, MX (3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone) a mutagenic halogenated disinfection by products which are present in drinking water. In this sense, chitosan is an eco-friendly nano-adsorbent to remove oils, grease, heavy metalsand the fine particulate matter from water solution. Electronic and structural properties of chitosan during functionalization by metal were studied by density functional theory (DFT) calculations. Isolated and functionalized chitosan were optimized and their properties were evaluated. The results indicated that the properties of linking sites detect the most significant effects of functionalization process.
Introduction
During chlorine disinfection of drinking water, chlorine can react with natural organic matter (NOM) in raw water to generate halogenated disinfection FULL PAPER 50 Houshmand et al. tumors [7] .The mechanism by which MX exerts such an intense biological effect and interaction of them with nano-materials which are used in water treatment is still unclear.
MX is formed by the reaction of chlorine with complex organic matter in drinkingwater.Aromatic structures with an aldehyde group and substituents in the meta or para positions, e.g. like syringaldehyde or ferulic acid, can form MX upon chlorination [8] , as can compounds, e.g. tryptophan, which can first form an aldehyde group [9] .
It has been identified in drinking water MX which was found at mean concentrations ranging from 2 to 80 ng/ liter [6, 10] .
Registered by WHO, MX is one of the strongest bacterial mutagens ever tested, as highlighted by the Ames Salmonella typhimurium TA100 assay [8] . The observed mutagenic activity is significantly correlated only to the electrophilicity response of the ring forms [11] . However, analytical difficulties in measuring the low doses of MX encountered in drinking-water lead to uncertainty over whether this species would be genotoxic in vivo [12] . The World Health Organization (WHO) guidelines for drinking water maintain an updated register regarding MX, considering it unnecessary at present to propose a formal guideline value for MX in drinking water [13, 14] .
Chitosan (poly-β-(1→4)-2-amino-2-deoxy-D-glucose) is a naturalnitrogenous, aminobased, polysaccharide (Figure 2 ), which is produced in large quantities by Ndeacetylation of chitin [13, 15] . Marine crustaceans' shells are widely used as primary sources of chitin [16] . Chitosan , which is a biocompatible and biodegradable biopolymer is a liner and cationic polymer with numerous applications mainly dependent on presence of the amine group in its structure [17, 18] .
The adsorption process using chitosan, due to its effectiveness and cost effectiveness becomes an attractive remedial of effluents [19] .The metal-chelating property of chitosan has beenmainly used in wastewater treatment. Recently, different metal chitosan complexes have been prepared to improve [28, 29] .This functional was proven to yield much better result for exchange energy at large distances [30] .
Herein, present study delves into the possibility of using chitosan nano-particles for absorbing MX from water solutions. and its probablerecombination path, the next step was to find the activation energy along that path, so that kinetics of the recombination reaction could be predicted.
COMPUTATIONAL DETAILS

An initial path was constructed and
represented by a discrete set of images of the system connecting the initial and final states.To calculate the activation energy barrier,the nudged elasticband (NEB) [32] method implemented in the Quantum ESPRESSO package is used.
The ab-initio calculations were performed using the GAMESS US package [33] .The Non-bonded interactions were truncated at 10 Å cutoff distance and the long-range electrostatic interactions were predicted using particle-particle particle-mesh method [37] . Newton's equation of motion was solved with velocity Verlet integrator using a time step of 0.5 fs [38] . During simulations, temperature and pressure were 
RESULTS AND DISCUSSION
I. Structural properties
It is known [40] Negative activation entropies for chitosanheavy metal system suggest a decrease in thickness of hydration shell around system. [43] . According to EPA guideline measuring MX by GC-ECD requireshigh volume of MTBE as solvent which is hazardous to the environment [43] . On the other hand, level of recovery and uncertainty of all of existing measuring methods for detection of MX are low [44] .
The green nanostructures in some cases [45] can ramp the precision of detection.
Chitosan ( 92 (141) 89 (136) 1.36 
where N is the total number of j atoms (here, halide atoms, oxygenatoms for hydroxyl group or hydronium ions), rj (t) and rj (0) are the positions for j atoms attime t and at the beginning of production MD simulations, respectively. It should be noted thediffusivity for hydroxyl group and hydronium ion was computed using both hydrogen and oxygen atomsand the results were the same. The molecular dynamics estimated diffusion coefficients for halide ion, hydronium ions and hydroxyl group were listed in Table 34 and 
Conclusions
In conclusion, the electronic and structural 
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